Background: To identify risk factors for the development of presenile nuclear cataract in health screening test. Methods: The cross sectional study included a total of 532 eyes of 266 participants aged 30 to 49 years of Samsung Medical Center from February 2013 to April 2015. Presence of nuclear cataract was defined when the log MAR visual acuity with correction was greater than or equal to 0.2 and one or more of the following were met: Pentacam Nuclear Staging (PNS) grading score ≥ 1, average value of nuclear density ≥ 15%, maximum value of nuclear density ≥ 30%. Possible risk factors were obtained from blood tests and questionnaires of a health screening test of Samsung Medical Center. Association between nuclear cataract and risk factors was investigated using univariate and multivariate logistic regression analysis by generalized estimating equation (GEE) models.
Background
Cataract, caused by degenerative changes in the lens, is a major cause of blindness globally, and often occurs after 50 years of age [1] . The Lens Opacification Classification System III (LOCS), the most commonly used grading system for evaluating cataract, grades cataract by nuclear color and opacity, cortical opacity, and posterior subcapsular opacity [2] .
Pentacam Nucleus Staging (PNS) using Pentacam Scheimpflug (Oculus, Wetzlar, Germany) [3] images is a quantitative method of measuring nuclear cataract that provides average and maximal lens density [4] . In the previous study, we suggested that Pentacam imaging system is effective in screening cataract patients and has the potential to be applied in health examination [4] . The correlation between PNS and LOCS III has been revealed in many studies [5] [6] [7] , especially in nuclear cataract [8] . PNS detects early nuclear cataract and quantitatively analyzes nuclear cataract [6] .
Presenile cataract refers to onset before the age of 50 years [9] . According to a previous study, posterior subcapsular cataract related with atopy is the most common type of cataract in presenile age [9] . However, early diagnosis of other types of cataract including nucleosclerosis in presenile age is important to make a clinical decision of cataract surgery and prevent progression of cataract. Unlike senile nuclear cataract, the risk factors of presenile nuclear cataract is well not known.
The purpose of the present study is to detect and reveal the risk factors of presenile nuclear cataract diagnosed by Pentacam image in the health screening test.
Methods
The study population included 4605 consecutive participants undergoing screening cataract using Pentacam Schiempflug imaging as part of routine health check-up examinations at the Center for Health Promotion of Samsung Medical Center in Seoul, Korea from February 2013 to April 2015. Of these, 532 eyes of 266 participants aged 30 to 49 years were included. All participants had no history of ocular trauma, laser treatments, or ocular surgeries. Participants diagnosed with any ocular disease except age-related cataract were excluded. If a participant had more than one Scheimpflug image during the study period, only the last Scheimpflug image was included.
The Institutional Review Board of Samsung Medical Center (Seoul, Korea) approved the study protocol (IRB File Number: 2015-06-050). The Institutional Review Board of Samsung Medical Center exempted the requirement for informed consent because the study was based on retrospective analyses of de-identified existing administrative and clinical data.
Health screening examination
Over 1200 predictor variables were obtained by health screening examination. According to previous reports [10] [11] [12] [13] [14] [15] [16] , 42 of these predictors known to be associated with cataract were selected for the analysis: age [14] , sex [17] , history of smoking [18] , alcohol consumption [19] , physical exercise [20] , diabetes [21] , asthma [22, 23] , tuberculosis [24] , hypertension [25] , dyslipidemia [26] , medication use such as statin [27] or aspirin [28] as reported by a self-questionnaire, height, weight, body mass index (BMI, kg/m 2 ) [29] , waist circumference, and blood tests including markers of diabetes, dyslipidemia, inflammation [30] , dehydration [31] , iron deficiency [32] , and viral infection [33, 34] .
Daily exercise duration was categorized into 3 subgroups. According to 2013 AHA/ACC guideline [35] , 40-min exercise per day was suggested to affect blood pressure and cholesterol. Therefore, we divided low and high amount of daily exercise duration by 40 min. Blood tests including white blood cell count, red blood cell count, platelet count, sodium, potassium, fasting glucose, hemoglobin A1c, total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, hemoglobin, and total iron binding capacity (TIBC) were performed. Blood samples were collected after at least 10 h of fasting. The Department of Laboratory Medicine and Genetics at Samsung Medical Center has participated in several proficiency testing programs operated by the Korean Association of Quality Assurance for Clinical Laboratory, the Asian Network of Clinical Laboratory Standardization and Harmonization, and the College of American Pathologists.
Pentacam nuclear staging
Quantitative lens density was measured with Pentacam device, as in the previous report [4] . All images were obtained using the same device and consistent environment after equipment calibration. Participants without pupil dilation placed their chins on a chin rest. The Scheimpflug image of each eye was manually focused and centered. Built-in densitometry software automatically measured PNS measurements ( Fig. 1 ). To increase the reliability of the data, Scheimpflug images of the medical examination included in the study were verified by the ophthalmologist, and ophthalmologist confirmed that PNS measurements were obtained at the nucleus position of lens. The grading scores from 0 to 5, and the average and maximum value of nuclear density from 0 to 100% were recorded.
Presence of nuclear cataract was defined by corrected visual acuity and PNS measurements. According to our previous criteria [4] , presenile nuclear cataract was diagnosed when the log MAR visual acuity with correction was greater than or equal to 0.2 [4] and one or more of the following were met: PNS grading score ≥ 1, average value of nuclear density ≥ 15%, maximum value of nuclear density ≥ 30%.
Statistical analysis
Between-group differences (normal group vs. presenile nuclear cataract group) were evaluated using Wilcoxon test for continuous variables, chi-squared test for categorical variables, and Fisher's exact test for analysis of factors with small counts of ≤5. To identify risk factors for presenile nuclear cataract, generalized estimation equation (GEE) models were constructed by considering paired eyed data. In the first step, univariate GEE was performed to identify possible prognostic factors. In the second step, multivariate GEE was performed using variables with p values less than 0.2 on univariate GEE to refine the predictive model. All statistical tests were two-tailed and performed with p < 0.2 considered statistically significant in univariate analysis, and p < 0.05 considered statistically significant in multivariate analysis. Distributions for continuous variables are expressed as means ± standard deviations (SDs). Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results

Descriptive characteristics
A total of 532 eyes of 266 participants were included in this study. Seventy-four eyes (13.91%) were diagnosed with presenile nuclear cataract by PNS. The age of subjects was 45.12 ± 3.78 years (range, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] , and 183 participants (68.80%) of the total analyzed population were men. The log MAR visual acuity with correction was 0.07 ± 0.17, and PNS measurements were as follows; PNS score = 0.52 ± 0.54, average Scheimpflug lens density = 10.72 ± 1.55%, maximum Scheimpflug lens density = 38.05 ± 16.22%.
Descriptive characteristics and between-group differences were analyzed in Table 1 . 32.24% of participants were current smokers; 2.44% of participants reported daily alcohol intake; 9.72% of participants performed no physical exercise, 14.66% of participants had hypertension, 6.02% of participants had diabetes, 16.92% of participants had dyslipidemia, 1.88% of participants had asthma, 4.14% of participants had tuberculosis, and 4.14% of participants showed hepatitis B virus (HBV) seropositivity.
Univariate analysis
The univariate GEE analysis for each factor is reported in Additional file 1: Table S1 . Variables with a p value less than 0.2 on univariate GEE were considered possible risk factors for presenile nuclear cataract. Compared to normal group, presenile nuclear cataract group showed higher proportion of current smokers (odds ratio (OR) = 1.72, 95% confidence interval (CI), 0.97-3.08, p = 0.0656), younger age at starting smoking (OR = 0.90, 95% CI, 0.80-1.01, p = 0.0791), longer smoking duration (OR = 1.04, 95% CI, 0.99-1.09, p = 0.1636), smoked over 30 cigarettes per day (OR = 2.13, 95% CI, 0.67-6.79, p = 0.1998), no physical exercise and a high amount of physical exercise (OR = 2.45, 95% CI, 1.08-5.58, p = 0.0322; OR = 1.97, 95% CI, 1.10-3.52, p = 0.0223), taller (OR = 1.02, 95% CI, 0.99-1.05, p = 0.1520), asthma (OR = 4.87, 95% CI, 0.99-23.84, p = 0.0510), tuberculosis (OR = 3.30, 95% CI, 1.09-9.97, p = 0.0341), lower hemoglobin A1c (OR = 0.71, 95% CI, 0.45-1.13, p = 0.1509), lower glucose level (OR = 0.99, 95% CI, 0.97-1.00, p = 0.1015), higher TIBC (OR = 1.00, 95% CI, 1.00-1.01, p = 0.0533), and higher HBV seropositivity (OR = 2.82, 95% CI, 0.91-8.74, p = 0.0729).
The association with presenile nuclear cataract was not significantly different with age (OR = 0.97, 95% CI, 0.91-1.04, p = 0.3422) and sex (OR = 1.24, 95% CI, 0.73-2.10, p = 0.4223). Other descriptive characteristics were comparable between normal and presenile nuclear cataract groups. There was no significant association between presenile nuclear cataract and other modifiable lifestyle-related risk factors, such as alcohol consumption, weight, BMI, and waist-hip ratio (WHR, p > 0.2). Cholesterol profile including total cholesterol, HDL, LDL, and triglyceride did not show a significant association with nuclear cataract (p > 0.2).
Multivariate analysis
The results of multivariate GEE analysis adjusted for variables with a p value less than 0.2 on univariate analysis are reported in Table 2 . Data regarding smoking, alcohol consumption, and physical exercise were collected using various survey questions. Variables in these questionnaire items were then adjusted by considering clinical and statistical significance. Smoking status, alcohol consumption frequency, and daily physical exercise duration were analyzed.
The multivariate model identified current smoker (OR = 2.80, 95% CI, 1.10-7.12, p = 0.0310), non-exercise and high amount of physical exercise (OR = 3.99, 95% CI, 1.27-12.52, p = 0.0178; OR = 2.92, 95% CI, 1.38-6.22, p = 0.0053), asthma (OR = 8.93, 95% CI, 1.12-71.15, p = 0.0386), tuberculosis (OR = 4.28, 95% CI, 1.36-13.50, p = 0.0131), and higher TIBC (OR = 1.01, 95% CI, 1.00-1.02, p = 0.0059) as predictive of presenile nuclear cataract. Alcohol consumption frequency, height, hemoglobin A1c, and HBV seropositivity did not show significant associations with nuclear cataract (p > 0.05). 
Discussion
Detection of early nuclear cataract is important in clinical and preventive medicine [36] . Relatively high incidence of presenile nuclear cataract (13.91%) in the current study indicates that health screening exams are important in early diagnosis of presenile nuclear cataract. Pentacam detects early nuclear cataract and quantitatively measures the severity of nuclear cataract [6] . Health screening data allows a large sample size and less biased selection of participants without significant ophthalmologic problems as the normal population. Therefore, risk factors for presenile nuclear cataract were identified using Pentacam and a health screening test in this study.
In the present study, current smokers showed a higher risk than never smokers (OR = 2.80, 95% CI, 1.10-7.12, p = 0.0310), consistent with previous reports [18, 37] . Ye et al. reported that smoking is a significant risk factor for nuclear cataract [18] . Copper, cadmium, and lead concentrations in crystalline lenses were higher in cataract patients, and this could be related with smoking [38] . In the present study, early smoking age, smoking duration, and heavy smoking (≥ 30 cigarettes/day) showed significant effects on univariate analysis (p < 0.2) and could also affect formation of nuclear cataract. Therefore, smoking prevention and cessation are important in preventing formation of nuclear cataract. In the current study, daily physical exercise duration and presenile nuclear cataract showed a U-shaped relationship. Participants with low amount of exercise (1-40 min/day) showed the lowest nuclear cataract formation. Participants that were non-exerciser (OR = 3.99, 95% CI, 1.27-12.52, p = 0.0178) or who had a high amount (≥41 min/day) of exercise (OR = 2.92, 95% CI, 1.38-6.22, p = 0.0053) showed more nuclear cataract formation. Non-exercise group showed larger proportion co-morbidity than any amount of exercise group such as stroke history (4.2% vs 2.2%) in this study. Therefore, we should consider the possibility that co-morbidity has affected cataract formation [39] . Zheng et al. reported that Leisure time inactivity (< 1 h/day) was associated with increased risk of cataract [20] . However, they did not perform sub-group analysis of non-exerciser and any amount of exercise group, especially less than an hour daily. High amounts of physical exercise group showed variable incidence of presenile nuclear cataract in previous study [40] . High amounts of physical exercise group could create more free radicals [41] and could be exposed high amount of ultraviolet radiation during outdoor activity. However, high amounts of physical exercise also reduce glucose levels and are correlated to a healthy life style. Therefore, to eliminate the effect of these confounding variables for physical exercise, further study is required.
Asthma was a significant risk factor for presenile nuclear cataract in this study (OR = 8.93, 95% CI, 1.12-71.15, p = 0.0386). Asthma patients may receive systemic steroid treatments, which likely explain the higher incidence of cataract [22] . However, because the current study used health screening data, only a small number of participants with asthma were included in the study. Also, information on steroid treatment history was not recorded. Additional study is necessary to reveal the relationship between asthma and nuclear cataract formation.
Tuberculosis is also a significant risk factor of presenile nuclear cataract in this study (OR = 4.28, 95% CI, 1.36-13.50, p = 0.0131). The possible mechanism of cataract formation with tuberculosis was suggested in a previous report [24] . The mechanism is likely complicated and includes direct and indirect biological effects of tuberculosis, steroid treatments, toxicity of anti-tuberculosis treatments, and low socioeconomic status [24] . Also, only a small number of participants with tuberculosis were included, and the confidence interval was wide because this study is based on health screening. Further study is Higher TIBC level is related to iron deficiency [42] . Iron deficiency is related to cataract [43] , and iron supplementation may reduce oxidative stress [44] . In the current study, higher TIBC was a significant risk factor for cataract (OR = 1.01, 95% CI, 1.00-1.02, p = 0.0059).
Age is a strong risk factor for nuclear cataract [14] . However, in this study, age was not significantly related to nuclear cataract. Most previous studies regarding nuclear cataract did not include presenile age under 50 or did not analyze the association with age due to low incidence of presenile nuclear cataract. Klein et al. included participants 43 to 83 years old and showed nuclear cataract prevalence of 12.4% in the 43 to 54 years old age group. However, they did not perform subgroup analysis of this group in the Beaver Dam Eye Study [45] . Foster et al. included participants 40 to 81 years old and showed a significant association between age and nuclear cataract (OR = 5.6, 95% CI. 4.6-6.8, p < 0.001), but they did not perform subgroup analysis of this group in the Tanjong Pagar Survey [46] . Therefore, there is currently insufficient evidence for age as a risk factor of nuclear cataract in the presenile age group. Another explanation for the lack of association with age is sampling bias of the current study. Patients with severe cataract in older age received early cataract surgery and were excluded from this study.
Alcohol showed conflicting results with cataract in a previous study [47] . In the current study, alcohol did not show any association with nuclear cataract formation in status, duration, amount, or frequency. Alcohol could be a confounder of age, diet, smoking, and socioeconomic status. Prospective study is necessary to reveal the effect of alcohol on presenile nuclear cataract. In the current study, blood glucose and hemoglobin A1c level did not show relationships with nuclear cataract formation. Although diabetes is an important risk factor for cataract, diabetes shows conflicting results in nuclear type [48] . Furthermore, data from the health screening test causes selection bias from the healthy user effect. Participants who received health screening may have a healthy life style and low possibility of diabetes.
There were several studies about risk factors of age-related cataract. According to Taizhou Eye Study, age-related cataract is related with older age, increased outdoor activity, lower education level, female, no outdoor eye protection, low high-density lipoprotein, high low-density lipoprotein, high myopia, and increased pickled food intake [49] . In Los Angeles Latino Eye Study, older age, smoking, and myopia were related with age-related cataract. These studies included senile age group and used slit lamp examination for qualitative cataract grading [50] . In our study, smoking and amount of physical exercise were related with presenile nuclear cataract. We revealed relationship of smoking and nuclear cataract with detailed smoking questionnaire, and U-shaped relationship of daily physical exercise duration and nuclear cataract. High incidence of presenile nuclear cataract in high amounts of exercise group might not only be related with free radical, but also ultraviolet radiation while outdoor activity. Unfortunately, the questionnaires used in this study did not distinguish between indoor and outdoor activity. In addition, high incidence of presenile nuclear cataract in non-exercise group might be related with co-morbidity such as stroke [39] .
Our study has several strengths, including its large sample size and detailed information on a number of potential risk factors for presenile nuclear cataract. Previously, few studies have investigated risk factors for presenile nuclear cataract because of relatively low incidence of this disease and absence of control data in the clinical setting. However, Pentacam method provides objective measurements to evaluate cataracts, especially in health examination. Our study has a large sample size and accurate detailed information for both cases and controls, providing helpful results that current smoking, asthma, tuberculosis, and iron deficiency status are risk factors for presenile nuclear cataract. In addition, the non-exerciser and high amount of daily physical exercise duration is risk factors for presenile nuclear cataract.
However, the current study is limited by its cross sectional nature using health screening data. In a cross-sectional study, the temporal relationship cannot be clearly defined, and it is difficult to establish causal inferences. There may also have been selection bias and healthy user bias. Also, confounding variables could not be perfectly excluded. Information on socioeconomic status, occupation, and residence area, which could be related to cataract formation, was not obtained. In addition, without pupil dilation, the accuracy of PNS score might be reduced. However, non-dilated PNS score could be a good screening tool for presenile nuclear cataract in general health examination setting which pupil dilatation is difficult.
Conclusion
Presenile nuclear cataract is also related to current smoking, non-exercise and high amounts of physical exercise, asthma, tuberculosis, and iron deficiency status. Patients with asthma, tuberculosis, and iron deficiency anemia who complain of visual discomfort should receive frequent ophthalmic examinations to detect cataract and other eye problems.
